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A system and method for controlling command queuing on parity drives in an array of disk drives. 
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Abstract 



The present invention provides a technique for queuing commands on an input/output controller for a parity drive in a level 4 or level 5 
redundant array of inexpensive disk drives, which responds to receipt of a write instruction with appended data by determining a logical 
block address of a data drive for the appended data and a logical block address of a parity drive for redundant data belonging to a 
destination stripe of the appended data. If a parity cache entry corresponds to the parity address, a cache hit is deemed to have 
occurred. Responsive to a cache hit, computation of replacement parity data for the stripe may be done from parity data in cache at a 
location given by the parity cache entry, data read from the data drive, and the appended data. The newly calculated parity data is then 
placed in cache. A command is then sent to an input/output controller for the drive where the parity data is located to write the 
replacement parity data. Serialization of access to the parity data is moved from the disk drive t o cach e memory, allowing command 



queuing to be used with the disk drive to preserve optimum available performance of the drive. 
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• 7*0 y 7D 2 fiD«a**J**tl*. Sfc^EfjT 4 1? 

«. u ■ 7"n y o p 0 stttfrr A^&i 

T4 tT6 t©r B 1CDfi5-g)^JtC:*3t/iT, A°'J7V • 7*n 
y^POj&t^t'J •Ay77 2 7l;iit{^o £;tP# 
SIT 6 cfc DMZy 1 -^ -^7^0 £tttfff*^m 
ff^n-So P£MT6Ki5(^T, mfrr—9&r—* • 7* 
Dy7D OiC#iitl , 3V>H^ 7*0(DZIV>F 

• +3.-©tBAimc*r*«fc 5 lessens. d©av> 

FtefftMT 1 2 «fc o^tmff ans. ff#»JT 7 ICiSt,* 

T, A'JtV • ^dy^P0O5^-^*««rr*«i* 
flHW J , F y-f 7*3 ©3Y> f* • =£;x— KEBStl-S. 

H«wsma^wiaiBiT 8 ^s^bTis^ati 

<DSSttiUift^/'*F^7 r 2cr>n^>F -=^3.— d^6*ff 
SIX. Mffr"-^^^-^ • -/ny*D2K«&trifr^ 
dtnT> P • SlffiiT 9£^ 

£3&£TS. f^MTl 0Ei3tr>T, A'J^-r • 7"nyy- 
P0'vflD«i«#^d*l<7<>' , 3Oav>|« -^n— ® 
A7j3SKIBS2nSo Sf^JTl OO^T, A'JtV • 

yD7^po tcM-r-s 2 H7<^3© 

n^>H • +3.-(^C^C^ET-g> 0 ^P^PBTl 1 
RtfTl AUtV • yn-y^P0fC*f-T-5 2# 

[0 0 2 9] m$WV)^i ■ *ty>a • 7^— 7>3 
lCD«Bi5*T. AUtV • +V?->2 • 7"— 7*JWi, 
;*^'J • A*7 7?2 7 K^qfiETSAUTV • t 1 -* • 7* 

firm, A-y^-f • tfr>a • t"-7>3 l&tfA'j 

5=--f • t"— ^ • 7*Dy 27 3 3;$*, vv^A • ^^EU 1 5 
KIE1fc£*l5„ ^H#tC«, *^)J -A*777 2 7F*i|0 
"r— Z^tDTZttW. s s7stI± • ^'J 1 5 ^©7^ 
-fe 7, «t V h?&mv& -5 d L<^>H£ £ n«fc 

7, ^ • hm^^ oiu«j: o \3xmv&> So 7 s — *m 

ifi£iattT<5£:S?>©~>7.7"-A • *^E'J 1 5crM£fflfCj; 
[0 0 3 0] A'Jf-f • tt7">i • 7"— 7>3 1(*ICQ 
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OT7h4 1D, 3iTclZR A I D l/^;U5 :>7,^A<D F 
7< 7"4 1 A75S4 1 DOT 1 OlCfetf -lbitJl:7D y ^7 • 

T H l^i^K^jfirrsatfg "7a 7^-7H i/xmrnz 
•gtTo TYXsTMWH— ;UH7 Ofi, l<7'f7'-ar 
y h_k©BW&W!:7ny£ - /Hl/^tfAUf-f • 7" 

ST-SA'J-tV • ^-^^®Sfeiifi®tiSfclJ77 
"tXO^-f A • 7.9 y?l NWW (numb 

er of writeswaiting ) 7-f — ;Ut*7 3fi, mf&W®. 

7^*0, ^^&U • Ay 77 2 7ft©A°'j7M • 5 s — 

v'o. • -7^— ~?)]/ 3 1 (*!(DX> h u fi. /^U ^-r • "f—$ 

tkTo ■ v zy=L ■ "r—ZfJV 3 1 

■ -^77 3 3fi, mTja^S^CfcfefC, 

[0031] 126 *x h^ya^^y h^sojesfn 

WVjTf • ^!:»MSil7D77 -71*1/7. 
igH^7.7 : y7°2 0 1 TTgl^f $tl*. 7"D^*vA}3;aL— 

TrfSX5=-y7°2 0 3-v#ffU iSW^— ^ • H^<7* 
30 • K • 3riL—tfy)Ufr£z>fr$:mWi-rZ>o 7)V<D 

ffiS^TffiK^St. Wm-?\Z7,^yy2 0 3^bXr 
77"2 0 5\zmf-?Z><, 7f77°2 0 51!, 1) 7>7^y 

t°2 o njftst^tutawa^Py^ • T-FUT^SIBt^ 
-Z&Mtii^ 2) ^Hiot 5 -^*^— C!»K«atrfc«> 

*a-tCj&ft£*T.<5. mm*MZ7,7-y7'2bl\zmt 

•5.0 7f77°2 0 7f3^aiWC2 0®ffla®TI|^Wfc:S: 
iftlW*. 7f7 7"2 0 7Cf. 7f77"2 0 9/5^ff 

an, ^7S7.7"-^7,^^7. hf^wrs. wasted 

[0 0 3 2] /■?UT--f • ?<8mT'teX9-y72 1 1 

so m8^mtfczt5m-&-r\z7,Ty-7°2i 3\zmr-? 
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-5, 7^y7°2 1 3TH 7,7-y?2 0 1 XJV)7-i ■ 

^KJHWS^n y 7 ■ 7 H U-Xffifflfc, x> h U ##fiE 

•y hd^^-T-St, 7J-y7°2 1 3^5^7-7^2 1 5 
'v.^Mtr*. 77y7°2 1 5T?{J, AUtV • • 
7'ny7<D77—77&7V -frZofrmffiZtlZ* 
yi) — T7/&(/i:&g\ 77—77 ■ 7 77'&7V—\Z?2.Z> 

%.T-@mt) i mf-znz>o ^1^x7^2 1 s^b^^y 

7*2 1 ^7. • 7^£a-y?fC-tr-y 

a. ■ X>MJftGD;5M'A • 7s^>7"2:gm-f -So X^y 
72 1 7\zWz&77-yy2 1 9j&i*fr£ft, *ffcft:*& 

MUte^-y^ 1 91?[B^-— tf • ^jMSSflTflflii: 

72 2 grfe&A'UTV • f-^SKfU 

^^y>a-t*]CD;\">J^-f • 7*n>y?£SgrT-5>, X^y 
■/2 2 37?^'5r— $7 ■ 7 7 if&7 } ) —lZ±y h$n> 

7f7^2 2 5T*fi&ft/ , ?yT--f • -r— :?©»^rlv 
7.7- y 7° 2 2 711 AffiTJfMWgM^A'U 7^#&<^ 

Z>o W&frft'%T-?Z>ti77-y7°2 2$mmflElri. & 
^<nm&&$kfi i lMft-£nZ>o $m$MZ.7 ; ry7'2 
0 7 IS^fffS. 

CO 0 3 3] 7,"ry7 f 2 1 STrA'U^-f • +ty>a • 

f7^2 3 lKDgfffTS. 7f7^2 3im 7'J- 

ASpMSna. ftffl"5It&S»&, 7fy^2 3 3T?, 7 
U— -A'U^-f • v-J- • x>HJ€Hs&BU Sffc 

TOPaii*&tCI4. 7J-y7'2 3 5-^'J-r-f • 

^(Dmih^m^o-^^mm^mmm (lruj au 

^-f • +-\--yi>a- • x>hU^^ffiT^t(Cck0^fT 
X>h'Jd^Uffi$n-5<h, 7t7 7"2 3 31: 
fSrtiJSJ* U tV • X> h U tfi, Jftifc£*lfcx> h U ^ b» 
fPdtSnS. X.\Z7Ty7'2 3 7 -£7,7^—97. • 7 7?' 
#D -y 7 Ki-fe 7 h^n. f#«4'<0«&*lfc&i 1 C-fe y h 
Sn5. *i:7T7 7'2 3 9T?IH^';5r-f AV?';5r-f - 
H7-f ^SttttliSns. £nte7.7^y7°2 4 lTMffi 

OA'J <DA-y 7/27 C*SWSIBiif£H*^-V y > 
3. • X>HJK$£n«£, 7f77"2 4 1^b7f7 
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7° 2 1 9K#ttU ffi^U^©«k5K:f«fc**l.5. 

[0 0 34] AtiitlffifflSiWiU'KMZlskT&PT' • a v 

5 u&msi^s7j-L,\z.W8 znz> £$tt>nz> - 

^. • X> h U • 7— 7)l<DT—?ffi&t)^ 

«SW»K:«fc<5SBte&> SfiSSTrsfcfcJS'FHBeR AMtd 

[0 0 3 5] ^^«#^0|»ii{CH»U-CM-<6»n 

%z\tti.<. im&xffim\z.»r<E>m* axssA^sm 

[0 0 3 6] i;<b#iLT, ^B^O^fiJcfcMLT^T 

[0037] ( i ) wmm&ig^wmmmmKiomm 

ffll^ffliI7'Oy? • THI/Xt, ^2C0#(SiE 

^^r-57>^-yyt, BtrKigicDEtisatrMUT, ak 
•y^t, twam2cofE'»^a±o5T:*5 :: -^^ ; &u • 

.w MfSm2 05#(SfE'£i^»{C^75:7LS^-^^S 

(2) gT^7i:S7 i -^^ti-^:-r-5)X-7"-y^. ffrffS* 
K)W3k-?Z>7sTy7°£<StS. SWH (1) f^©iE^7j 

(3) • l 4 ^ 7*©JCS7K ftC/'t'JT'f • 
X. h*6©«ill7 t -^*fi 5 5ia*3 , 7> HCS 

<DmM7'a-y7 ■ 7Y-U7ii. WSSi/VJ-rf ■ 7* 
±{C*5tt-5A°U^< • T^-^COTa^n-y? - 
i:^S?^~r?>X7"-y7°i:. ^ij^-f -^^>y->^-X> 
HUdVSU^f • 7—^<Dmm7ay7 ■ 7 Hb-TxC— 

WtC^UT. /\°U7"< ■ *1--y->iL • x>f>'JtCcfc 

^t. h^iB't 1 — 7 • \ i ^7'^i>mm^n^-7L^ 
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(4) SWH-ScroS^I^fCJi^UT, AUtV • 7^- 

$tf, SWE (3) fEiS©^--f >^'7m 

(5) AUf-f • +fr>2 • x.yhV^^mSJVJ'r-i 

<h. 94 A - 7.9>Zfii. Uy9/3Wy9 • y^f 

• Ay7 7l*I©A 0 U7M • 5 s — ^©ffcKSjRfffc 
«7-f-;H*£*^tf» flfflE (4) lE«£GD*a.-<>^ 

©*3eKisgrux, T-p&mttivMzmuT—p&m 

*tr. MIS (5) f>^*& 

(7) Kff^y^A'U^ • n-7>HcDM«X^-y^ p 
©ttfflL*^l^^3><B£K:58£TS, MIS (6) IS 

(8) MlS/^U^-f • +t";'>i • x>HJ0±J**t- 
"Jf-f • *ty>a • X>t*U 5 J&MHHl»r 

y ■ x> h U 6 , m&&MMM<D^ U t- 
-f • ^yi^=L • X>MJSiSUfiU JSSUfflStlfc/t 

£^tr> MI5 (5) IE«CD^-^>^7jfe> 

(9) W&AUtV • 5^— 9^3^-<DtcJsb<DU \*-<D 

f^tS. sffiS (5) §5«c(D^^— f>^7jfe= 

(10) SI&A'JtV • T—?(D±I$.(Drc®\Z. ittjfEA 
7^7 • D^r— >'3>P^G)/^ l J^'f • 7^— 4"\Kl7ft 
7.£fi?Wtr-57.^ *#tP. MI5 (9) IB*&CD+ 

(id «&a"u-tv • T'-^/S^tna/N'u-^-i- • K^-r 
^ty. Mia do) tas^o. — r >^m 

(1 2) ffiE/1'Jf< • HM^i-yi? -f-f77 
T&S. MSB (1 1) SE*<0*:x-'f>i/2r& 

(1 3) hIiIBAUtV • \ i ^4^y"^7,9 ■ ^^4-J 
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<DK-B:7 V4 (D&M<D 1 -D\zm^-T^ miSB (1 1) IB 
*CD+i— f>?*7jfc 
(14) 7^— ^^->X^A^^O#iP-T : — ^ 

UtV • F7< 7±lZ&tfZ>K&r—?<DMm7ay?' 
■ 7FUXt%&5£f2>^&t. HBka/VlT-f 
yi/zi. ■ X>MJ£;fiT'5A"U7V -^^>y^i-7^— 
y;l/ch. A'UtV -^y^a. • X> h U &XMSZ/V) 

jo tv ■ F^^vmmyay? ■ tki/tj^jsts 
• x> hud^ga^acfco^tHstisirea 

n5A'7 77 • O^— '>3>©^U"T--f • 7^— 9t. ffi 

^n-s^-^t, ^dt 1 — ^td^s, em/N°U7^< -7^ 

^ 777- a^r— >3>lcE«^-S^St> M^UT^-r 

• 7=— ^^#2 i tJfe*OnT>H?:. /VJt-4 ■ 
zT<DWm~7'Uy9 • 7) i UX\Zttfcrr&XliiJ3ffim&m. 

(1 5) wn2-^©5^«{rj^UX, ^'Jr-f • f 
—9&mWJty77 ■ adr—i ^a>KSHti'*Tt*©3V 

•xyh^fej^^gi- fe^tr. SWE (14) SB 

(16) a°'Jtv ■ ^3. - x>h';^*H(nB;N 0, j'f- 

-f •7^-5'OH7'0 7i'-7t«l/7t> ^<A-7^ 

tS^tP. WSB (1 5) §E*&<7>tVX^ • H^-rycDTt 
S7W. 

40 (17) mibt^-^ • h v< zrammr/u yt? -7^v 

■foimm^uy? ■ 7 H U-7>tcMi^rr-5Am*^JffllfeS 
Kjfcfrrs^S, ^tf. HtrIB (16) SE«c<D7^<^^ 

• F7-f7*(DJi:fi7K. 

(18) /^U^-f •=rtyya-I>h'JCDtiJ¥g 
■i ■ 3-^yzso. ■ x>bU«r ; rr-5^^-5^*iMT?) 
50 y ->i • X> h 'J *fl6ffl-T5¥9:t. SSfUeCjESrL, 
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tr, hWB (16) BBtto^-f • ti7<y©5ift7l/ 

-Co 

(1 9) igyiUf-f •r-^Wc6037>F 
©anneal* «Z^W*W*^>^*«K^"r*¥R*^ 
tN HtrsE (l 6) BSIRO^-f • H^-f > r ©JE«7U' 

(2 0) «&A"U7M • ?<D±j&<Dfz.sb\z. prfHA* 
777- — >-3>F*lGDA'U^-T • 7^— ^^©T^il 
XSrtfPiHW*^ **tr, MIB (1 9) IESOtm 

(2 1) e&AU-r-f -T^^twaB/^u^-f • F^r 
¥ft «^tf. we (20) i^fflT-rx^ • H^-ry 

(2 2) flWB/fU-r-f • F^f y^x<yi7 -tmT.^ 
i:S>3, Mfl2 (2 1) Bttc^-r** • H^-T^©%S 

(2 3) ffraa/iy-r-r ■ p^^f-f • j*^ry 

CD7Cfi7'K©ffiaW)lt?K5fga-r45, MIS (2 1) IE 
(2 4) |^l^»<hbTibfrr^SBEti^«©7W 

—iJJV • ypir-y-y-i:, n— ^ • zftt-ymz&Q* 

(2 5) A'JtV -^yv'a. - X > MJ ^SIEtgg! 
^-TA • X?>7t. UyV/ifcuyt> ■ 7z"7 

-f— ;UF£*^tf, iffi (2 4) m$.<v^-5'%misx 

(2 6) D-A^-^ntyW'. =*=■■*• yi'a.rt©^ 
A"'J5r-f • • 7"D7^®S3tf-'M^7i'tXS 

ffflfPT-Sv-'JT^If, ^etf. sllfS (2 5) bSI&cDt^ 



(11) ■ #H¥7-2 1 0 3 34 

20 

(2 7) *^y:xa.|*]t;:Ay-7V • 5^-^ • 7uy9tfl 
t^— ^ • yny^S+^y^airWEitiU AU-r-f • * 

i-y->jL - j—yMzm&v)^^ • 7==— ^ - 

©X>bU££j5£f SAUt^-Y • *+y>a - -r— 
•X>MJfg£§§> S^tT, BtS5 (2 6) IE^Ot^-^ 

10 (2 8) A U tV • 7^/5^— ©4ttSEBSaLhK:BB 

isn*. Mis (27) tm<D^—^mm->7.^ 0 

(2 9) AUtV • T^-^^T^SfSt^a-hlCiB 

■stis, mm (27) la^co^-^Ms^^A. 

[0 0 3 8] 

^MMEfeBC-fey RAID l^UP4 

> P >^'t-5'>X7"A5:^77fe5^«$n 
20 -5, 

[01] RA I DSr^trir— ^^li>7.7^A©A-r ^ 

[02] 5*-f 7. ^ • yoD_h®0T?$>.5)„ 

[03] RA IDl/^JHR^SyXrAl^^f- 

[04] RA ID4S^5>'7.7^Afc:*5l/iXX hv< 
y$n§7^-^S^3!-r-537> H • 3/— ^r>X<D^'T 

[05] h-rz>fz.&zWa-£tlZ>/V) 
-f • ^ryS/o. • 7^— ^JKZ)7=— ^*Bfi**1"BTT?* 

-So 

[06] ^WR%:Wg?Z>TcJsb\Z. RAID->7rAO 



1 1 




1 3 


t«a-7h (CPU) 


1 5 




40 \ 7 


7C^*I5^P^@ 


1 9 


ffiftU >v- 


2 1 


RA I D 


2 3 




2 5 




2 7 


■ A777 


2 9 




3 1 


AUf-f • ■ 7^— 


3 3 




3 5 


a-— if • 7 1 — ^ • 70 y i7 


SO 4 5 
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NWW7-f-;H* 

7< — ;uh 



4 7 
7 0 
7 1 
7 3 
7 5 

120 T^-f 7^ 



(12) 



%mW-7 - 2 1 0 3 3 4 
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12 3 7— A 

126 ^'f*? 

140 ffim^&W 

142 tmT.^ 

14 4 h^y^ • 

146, 148 -fe^ 



7-f — ;n< 



[01] 



r4S 



r47 



as. 










DO 
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-C4U 



-t-413 
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